C, Cambridge Isotope Laboratories) (Thorn et al., 1987) . (Sørensen et al., 1983) . The spectra indicate that carbons downfield of approximately 140 ppm are not bonded to protons. The O-alkyl carbons are comprised mainly of methine carbons (peak centered at 74.1 ppm in the methine carbon subspectrum), with some contribution of primary alcohols and ethers (peaks at 64.2 ppm and 69.3 ppm in methylene carbon subspectrum). The C-alkyl carbons are resolved into methine (45.1 ppm), methylene (33.7 ppm), and methyl (19.7 ppm) carbons. A quaternary carbon only spectrum (not shown) recorded on the sample using the APT (attached proton test) pulse sequence (Patt and Shoolery, 1982) showed no evidence for quaternary aliphatic carbons. Figure S2 show only the labeled carbons originating from the diazomethane. Spectra consist of three main bands, centered at approximately 52.4 ppm, 56.3 ppm, and 62.0 ppm, corresponding to methyl esters of carboxylic acids, methyl ethers of phenolic hydroxyls, and methyl ethers of phenolic hydroxyls adjacent to two substituents, respectively (Thorn, 1994; Thorn et al., 1987) . The 13 C NMR chemical shifts of the methyl ethers and esters of gallic acid illustrate this assignment (Scheme S1). The spectra of the methylated humic acid samples reveal Figure 5 , main text), as the spectra of the Laurentian FA were recorded without paramagnetic relaxation reagent. Possible assignments for peaks from about 180 to 215 ppm include imidates, amidines, imidazoles, isocyanides, and imides (Thorn et al., 1992) . The peak from about 235 to 270 ppm and centered at 247.6 ppm correspond to nitriles, from Beckmann fragmentations of oximes. The largest class of oximes that undergo fragmentation to nitriles are oximes that have quaternary carbon centers adjacent to the oxime S16 S16 carbon, because of the stability of the carbonium ion which is cleaved. Examples include monoximes of quinones and oximes of ---diketones, -ketoacids, -hydroxy ketones, etc. The occurrence of these configurations of ketones in the samples may be inferred from the fragmentation reactions, and considered in future studies on the carbonyl photochemistry of aquatic humic substances. The mechanism for the formation of ammonia, indicated by the peak at 22.6 ppm, is uncertain. Ammonia could be released from a secondary Beckmann reaction product by excess hydroxylamine, or form from direct reduction of the hydroxylamine.
Irradiation and Reaction of
The INEPT spectrum ( Figure S8 ; nitrogens bonded to protons) of the non-irradiated
Laurentian FA reacted with hydroxylamine shows three major peaks at 163.8, 132.2, and 107.3 ppm, corresponding to hydroxamic acids (reaction of hydroxylamine with esters), secondary amides (Beckmann rearrangements of oximes), and primary amides (Beckmann fragmentations) or lactams (Beckmann rearrangements), respectively. Decrease of the hydroxamic acid derivative peak after irradiation indicates photodegradation of ester groups. Hydroxylamine may also cleave peptides to form hydroxamic acids, but this requires basic pH (~9.5) and is selective to the asparaginyl-glycyl bond (Bornstein and Balian, 1977) .
DEPT
15 N NMR spectra ( Figure S9 ; nitrogens bonded to protons) were recorded on the Nordic HA samples reacted with labeled hydroxylamine, before and after irradiation to 75%IA 465nm , for which the ACOUSTIC spectra are shown in Figure 5 (main text). Three main peaks assigned as hydroxamic acids (163.1 ppm), secondary amides (131.9 ppm), and primary amides or lactams (110.3 ppm) are visible in the non-irradiated sample. Because the signal to noise ratio of the hydroxamic acid peak in the starting sample is fairly low, it is difficult to conclude whether UV irradiation has resulted in degradation of ester groups. Irradiation does appear to have caused a decrease in the secondary amide peak (131.9 ppm), suggesting degradation of ketones whose oximes are susceptible to the Beckmann rearrangement.
Irradiation and DOC Fractionation of Filtered Suwannee River Water.
Suwannee River water was collected on May 4, 1995, near the sampling location for the IHSS materials and filtered through and AH (0.3-μm) glass-fiber filters. This is the same water sample from which the XAD-4 acids described in the main text were preparatively isolated. (The Suwannee River NOM and fulvic acid samples examined by 13 C NMR were isolated from separate water samples at different times.) One liter samples of the filtered water were irradiated as described in the main text without the pyrex filter to approximately 75%, 50%, and 25% of initial absorbance at 465 nm. Analytical DOC fractionations were performed on the water samples before and after irradiation by Huffman Laboratories, Golden, CO. The analytical fractionation is based upon DOC sorption to XAD resins and measurement of DOC eluted with base, acid, and organic solvent, without preparative isolation of the fractions. In this procedure, the hydrophobic acid fraction is comprised of both fulvic and humic acids, whereas the hydrophilic acid fraction corresponds to the XAD-4 acids. Before irradiation, the hydrophobic acid, hydrophobic neutral, and hydrophilic acid fractions comprise 27%, 33%, and 35%, respectively, of the total DOC, which is 51mg C/L (Table S1 ). After irradiation to 25%IA 465nm , or, in other words, after 75% loss of absorbance at 465nm, the total DOC has decreased to 26.0 mg C/L, indicating a 51% loss of carbon. The hydrophilic acid fraction is most susceptible to irradiation and shows the greatest loss, from 18 mg C/L to 4 mg C/L, at 25%IA 465nm . This may be attributable to the fact that the XAD-4 acids have the highest concentration of carboxylic acids, and readily undergo photochemical decarboxylation. The hydrophobic neutral fraction shows the next greatest loss, from 17 to 9 mg C/L, followed by the hydrophobic acid fraction, from 14 to 10.5 mg C/L at 25%IA 465nm .
